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57 ABSTRACT 
A sub-Nyquist sampling encoder and decoder has a 
plurality of interpolators provided in an encoder and 
corresponding plural interpolators provided in a de 
coder. Information indicating which interpolator can be 
used to minimize the interpolation error is superim 
posed on a value of a non-thinned-out pixel and trans 
mitted from the encoder to the decoder, and the de 
coder receiving the information is permitted to always 
perform optimum interpolation. The interpolation in 
formation is superimposed on the least significant bit of 
the value of the non-thinned-out pixel, with the view of 
effecting the superimposition without increasing the 
amount of transmission data and without degrading 
quality of the video signal. 

17 Claims, 6 Drawing Sheets 
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1. 

SUB-NYQUIST SAMPLINGENCODER AND 
DECODER OF A VIDEO SYSTEM 

BACKGROUND OF THE INVENTION 5 
1. Field of the Invention 
This invention relates to a sub-Nyquist sampling en 

coder and decoder used for a transmission/recording 
apparatus of digitalized video signals such as a digital 
VTR. 

2. Description of the Related Art 
A typical example of a conventional sub-Nyquist 

sampling encoder and decoder will first be described 
with reference to FIGS. 1, 2, 3A and 3B. Referring to 
FIG. 1, a recording/transmission system based on sub 
Nyquist sampling comprises an A/D converter 1 for 
sampling an analog pixel signal at a frequency fs, a 
pre-filter 2 for band width limitation of a spatial fre 
quency of the video signal, a recording/transmission 
medium 3, a post-filter 4 for interpolating thinned-out 
pixels, and a D/A converter 5 for converting a sampled 
pixel string into an analog video signal. Pixels sampled 
by the A/D converter 1 are patterned into a lattice 
configuration on the screen, as shown in FIG. 2, and the 
number of pixels is halved by a thin-out operation. The 25 
thin-out operation is described as down-sampling in 
FIG. 1 and carried out to thin out pixels as depicted by 
a smaller hatched circle from the sampled pixels in FIG. 
2, leaving behind pixels as depicted by a larger blank 
circle. The down-sampling for an upper line is offset, as 30 
illustrated, from that for a lower line with the view of 
conserving horizontal resolution and vertical resolution 
in the horizontally and vertically defined two-dimen 
sional frequency space of the video signal before and 
after the down-sampling. In order to minimize interpo- 35 
lation errors as a whole, it is necessary to effect the band 
width limitation by means of the pre-filter in advance of 
the down-sampling operation. The pre-filter 2 in the 
FIG. 1 example has a filter characteristic as shown in 
FIG. 3A by which a stringent band width limitation is 40 
imposed on frequency components in the skewed direc 
tion. The pixel string is passed through the transmis 
sion/recording medium at a clock rate of fs and then 
filled, at pixel positions which are scheduled to be inter 
polated, with pixels of zero value. This operation is 45 
called up-sampling and allows the pixel string to match 
the clock rate fs. The post-filter acts on the resulting 
pixel string to perform interpolation. The post-filter 4 in 
the FIG. 1 example has a filter characteristic as shown 
in FIG. 3B and functions as a two-dimensional low-pass 
filter having values used as interpolation values. 
The pixel string thus interpolated at the post-filter is 

passed through the D/A converter 5 and delivered out. 
In the conventional construction as above, however, 

the band width limitation imposed by the pre-filter 255 
and post-filter 4 is not sufficiently stringent and accord 
ingly the horizontal resolution and vertical resolution 
are disadvantageously degraded. 

In order to make ideal the transfer characteristics of 
the pre-filter and post-filter, it is conceivable to increase 60 
the degree of these filters but this expedient is expected 
to lead to a increase in circuit scale and an increase in 
COSt. 
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SUMMARY OF THE INVENTION 

An object of this invention is to provide an apparatus 
for sub-Nyquist sampling recording/transmission of 
video signals which can suppress the degradation of 
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2 
resolution to a minimum by using a simplified filter 
configuration without resort to redundant data. 
According to the present invention, a sub-Nyquist 

sampling encoder and decoder comprises a plurality of 
different interpolation means which are switched adap 
tively for individual interpolated pixels (pixels subject 
to interpolation) so as to perform sub-Nyquist sampling 
decoding. Selection of one of the plurality of interpola 
tion means is not effected in the course of decoding but 
is done by predicting, in a sub-Nyquist sampling en 
coder, the difference between a true value possessed by 
an interpolated pixel before it is thinned out and an 
interpolation value to be calculated during decoding. In 
addition, no redundant bit is added to transmission pixel 
data so as to obtain information necessary for designat 
ing interpolation means selected for each interpolated 
pixel but otherwise the information is prepared and 
superimposed on the transmission pixel data in the sub 
Nyquist sampling encoder by operating the transmis 
sion pixel value when necessary, and the information 
superimposed on the transmission pixel value is sepa 
rated therefrom and used to decide proper interpolation 
means in a sub-Nyquist sampling decoder. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a conceptional diagram illustrating a con 

ventional typical sub-Nyquist sampling encoder and 
decoder. 

FIG. 2 is a diagram for explaining a sampled pixel 
pattern in the conventional sub-Nyquist coding. 
FIGS. 3A and 3B respectively show filter character 

istics of pre-filter and post-filter exemplarily used in 
conventional sub-Nyquist sampling coding and decod 
1ng. 
FIG. 4 is a block diagram illustrating a sub-Nyquist 

sampling encoder and decoder according to a first em 
bodiment of the invention. 
FIG. 5 is a diagram useful in explaining a filter of an 

interpolator used in the first embodiment. 
FIG. 6 is a block diagram illustrating a sub-Nyquist 

sampling encoder and decoder according to a second 
embodiment of the invention. 

FIG. 7 is a block diagram illustrating a sub-Nyquist 
sampling encoder according to a third embodiment of 
the invention. 

FIG. 8 is a block diagram illustrating a skewed fre 
quency component cut-off filter. 

FIG. 9 is a diagram for explaining a high-pass filter 
used in the skewed frequency component cut-off filter. 

FIG. 10 is a graphical representation for explaining a 
frequency band which is eliminated by the skewed fre 
quency component cut-off filter. 

DESCRIPTION OF THE PREFERRED 
EMBODEMENTS 

Referring now to FIG. 4, there is illustrated, in block 
diagram form, a sub-Nyquist sampling encoder and 
decoder according to a first embodiment of the inven 
tion. The input signal is a sampled video signal. The 
sub-Nyquist sampling encoder and decoder shown in 
FIG. 4 comprises a thin-out circuit 6 for separating an 
input pixel string into pixels to be thinned out and pixels 
not to be thinned out, first interpolators 7 and 14 having 
the same characteristic, second interpolators 8 and 15 
having the same characteristic, a subtractor 9 for calcu 
lating the difference between an interpolation value 
obtained from the interpolator 7 and a value of a 
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thinned-out pixel, a subtractor 10 for calculating the 
difference between an interpolation value obtained 
from the interpolator 8 and the value of the thinned-out 
pixel, a comparator (selector) 11 for detecting the dif 
ference in magnitude between output signals of the 
subtractors 9 and 10, a coding circuit 12 responsive to 
an output signal of the comparator 11 to code it into a 
coded word for interpolation means, a superimposition 
circuit 13 for superimposing the output signal of the 
coding circuit 12 on a non-thinned-out pixel, a separator 
16 for separating the superimposed coded word for 
interpolation means from the transmitted non-thinned 
out pixel, a switching circuit 17 responsive to the coded 
word for interpolation means from the separator 16 to 
select one of output signals of the interpolators 14 and 
15, and an insertion circuit 18 for inserting the interpola 
tion value obtained from the switching circuit 17 into a 
non-thinned-out pixel string. 

In this embodiment, two sets of interpolation means 
are used and two interpolators in each set are switched 
adaptively. The input pixel string is separated by the 
thin-out circuit 6 into thinned-out pixels and non 
thinned-out pixels, in the same manner as illustrated in 
FIG. 2. Subsequently, in the interpolator 7, an interpo 
lation value for a thinned-out pixel is prepared on the 
basis of non-thinned-out pixels. Similarly, in the interpo 
lator 8, another interpolation value for that thinned-out 
pixel is prepared on the basis of the non-thinned-out 
pixels. Two different interpolation values obtained from 
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the interpolators 7 and 8 are subtracted from a value of 30 
the thinned-out pixel (pixel to be interpolated) at the 
subtractors 9 and 10, respectively, to provide two dif 
ference values (interpolation errors). The two interpola 
tion errors produced from the subtractors 9 and 10 are 
compared in magnitude by means of the comparator 11, 
which in turn selects one interpolator 7 or 8 that pre 
duces a smaller interpolation error. The interpolator 
selected by the comparator 11 is represented by a coded 
word for means of one bit which is prepared by means 
of the coding circuit 12. For example, the coded word 
for means is "0" when the output signal of the interpola 
tor 7 is selected and conversely it is “1” when the output 
signal of the interpolator 8 is selected. Because of two 
kinds of interpolators used in this embodiment, the 
coded word can be of one bit (without any redundancy 
but for three or more different interpolators used, the 
coded word must obviously be of two or more bits. The 
coded word for means thus obtained from the coder 12 
is superimposed on one of the non-thinned-out pixels by 
means of the superimposition circuit 13 and then trans 
mitted. The superimposition is effected in such a man 

35 

45 

SO 

ner that when the least significant bits of values of two 
successive non-thinned-out pixels are exclusive-ORed, 
the least significant bit of value of the trailing pixel is 
changed to ensure that the exclusive-OR result or sum 
can coincide with the coded word. The non-thinned-out 
pixel thus superimposed with the coded word for means 
is transmitted from a sub-Nyquist sampling encoder to a 
sub-Nyquist sampling decoder through a transmission 

55 

medium. In the separator 16, the least significant bits of 60 
values of the two successive non-thinned-out pixels are 
exclusive-ORed so that the coded word can be ex 
tracted. Then, the switching circuit 17 responds to the 
thus extracted coded word to select one of interpolation 
values obtained from the interpolators 14 and 15. The 
interpolation value selected by the switching circuit 17 
is inserted between the non-thinned-out pixels by means 
of the insertion circuit 18. In this manner, according to 
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this embodiment, the interpolation value obtained from 
the interpolator producing a smaller interpolation error 
can always be selected. 

Illustrated in FIG. 5 is an example of the interpolator 
which is a low-pass filter used for the horizontal direc 
tion. In the illustration, a larger circle filled in with a 
numeral represents a non-thinned-out pixel and a 
smaller circle represents a thinned-out pixel. The non 
thinned-out pixels are added with weight values as 
shown in FIG. 5 to provide an interpolation value for a 
thinned-out pixel indicated by a double circle in FIG. 5. 
When this filter circuit is used for the vertical direction, 
it can act as a vertical interpolation filter. 
The superimposition circuit in the present embodi 

ment utilizes the exclusive-OR sum of values of the 
non-thinned-out pixels but the superimposition may be 
effected in other various ways. For example, the coded 
word may be transmitted independently of the values of 
non-thinned-out pixels. 

Referring to FIG. 6, a second embodiment of the 
sub-Nyquist sampling encoder and decoder is directed 
to a more specified application. In this embodiment, the 
input signal is a sampled television signal which forms a 
pixel string as the scanning proceeds. The sub-Nyquist 
sampling encoder and decoder diagrammatically shown 
in FIG. 6 is generally comprised of an encoder includ 
ing components 19 through 30 and a decoder including 
components 31 through 39. There are seen in FIG. 6 a 
thin-out circuit 19 for separating an input pixel string 
into thinned-out pixels and non-thinned-out pixels, 
delay elements 20 and 31 for one-pixel delay, delay 
elements 21 and 32 for one-field delay, delay elements 
22 and 33 for one-line delay, a multiplier 23 adapted to 
double the value of a thinned-out pixel by one bit shift 
ing the pixel value, adders 24, 25, 34 and 35 for predict 
ing a doubled interpolation value, subtractors 26 and 27 
for calculating the difference between doubled thinned 
out pixel value and doubled predictive interpolation 
value, a selector 28 responsive to output signals of the 
subtractors 26 and 27 to produce a data signal of one bit, 
a coding circuit 29 responsive to a positive or negative 
sign bit signal delivered out of the subtractor 26, an 
output signal of the selector 28 and the least significant 
bit of an output signal of the adder 24 to produce a 
signal indicative of “-1”, “0” or "-1", an adder 30 for 
superimposing the output signal of the coding circuit 29 
on a value of a non-thinned-out pixel, a decoding circuit 
36 responsive to the sum of the least significant bits of 
values of non-thinned-out pixels to produce a signal 
which selects one of the interpolation means, a switch 
ing circuit 37 responsive to the output signal of the 
decoding circuit 36 to switch interpolation values, a 
divider 38 adapted to halve a value selected by the 
switching circuit 37 by one bit shifting the selected 
value, and an insertion circuit 39 for inserting the 
thinned-out pixel into a non-thinned-out pixel string. 
The sub-Nyquist sampling encoder and decoder con 
structed as above operates as will be described below 
with reference to FIG. 6 along with FIG. 2. 

Thinned-out pixels as represented by smaller hatched 
circle and non-thinned-out pixels as represented by 
larger blank circle in FIG. 2 are decided by means of 
the thin-out circuit 19 in FIG. 6. When a pixel indicated 
at X in FIG. 2 is thinned out with the sub-Nyquist sam 
pling encoder and decoder shown in FIG. 6, a coded 
word is superimposed on a non-thinned-out pixel indi 
cated at R in FIG. 2 in order to instruct selection of 
interpolation means. In this operation, the adder 24 
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receives the pixel R and a pixel L produced from the 
delay element 20, the adder 25 receives a pixel B pro 
duced from the delay element 21 and a pixel A pro 
duced from the delay element 22, and the pixel X is 
delivered out of the multiplier 23. Then, the selector 28 
can receive the following two input signals: 
Horizontal error: 2XECX)-E(L)-E(R) 
Vertical error: 2XECX)-E(A)-E(B) 
where E(X), E(R), E(L), E(A) and E(B) represent val 
ues of the pixels X, R, L, A and B, respectively. 
The selector 28 receiving the above two signals pro 

duces "O' when an absolute value of the horizontal 
error is larger than an absolute value of the vertical 
error and produces “1” in the other case. The coding 
circuit 29 receives three bits in total including the out 
put signal of the selector 28, the sign bit indicative of 
positive or negative of the horizontal error and the least 
significant bit of the output signal of the adder 24 (rep 
resenting the exclusive-OR sum of the least significant 
bits of the pixels R and L received by the adder 24) and 
delivers out the coded word for interpolation means 
which assumes "--1', '-1' or '0' in accordance with 
data enumerated in Table 1. 

TABLE 1. 
Output of The least signi- Output sign Output of 
selector ficant bit of of sub- coding 

28 adder 24 tractor 26 circuit 29 

0 O -- --1 
0 O -- -l 
0 -- 0. 
0 l - 0 

1 0. -- 0 
0 --- 0 

1 -- --1 
1 1 - -1 

The adder 30 responds to the coded word to add it to 
the pixel value E(R) and transmit the resulting pixel R. 
The pixel X thinned out in the manner described above 
is interpolated in the sub-Nyquist sampling decoder as 
will be described below. In the decoder shown in FIG. 
6, the delay element 31 receives the pixel R and delivers 
the pixel L, the delay element 32 delivers the pixel B 
and the delay element 33 delivers the pixel A. The de 
coding circuit 36 then responds to the least significant 
bit of the output signal of the adder 34 to produce the 
exclusive-OR sum of the least significant bits of the 
pixels R and L which are horizontally adjacent to the 
interpolated pixel. The switching circuit 37 is so con 
trolled as to select the output signal of the adder 34 if 
the resulting exclusive-OR sum is "0" and to select the 
output signal of the adder 35 if the resulting exclusive 
OR sum is '1'. The output signal of the switching cir 
cuit 37 is halved by means of the divider 38 to provide 
the value of the pixel X which is inserted into the posi 
tion preceding the pixel L. 

In this manner, according to this embodiment, one of 
the horizontal and vertical directions in which the inter 
polation erroris minimized is selected for the purpose of 
interpolation of the thinned-out pixel. The direction in 
which the interpolation is effected is determined by the 
exclusive-OR sum of the least significant bits of data of 
the pixels horizontally adjacent to the pixel to be inter 
polated and accordingly, in the event that the direction 
suited for the interpolation can not be obtained from the 
input values by themselves in the sub-Nyquist sampling 
encoder, the pixel values are forcibly changed by one 
level. This level change is subject to positive or nega 
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6 
tive of the horizontal error and causes the pixel values 
to approach the value of the thinned out pixel. 

Accordingly, the superimposition of the coded word 
used for selecting the interpolation means is by itself 
prone to a noise of one level. However, this noise can be 
canceled through the pixel interpolation so as to be 
suppressed as a whole when the horizontal direction is 
selected and when the vertical direction is selected, its 
level change is visually inappreciable. 
To conclude, the direction for interpolation is never 

misled and adaptive interpolation can be performed and 
besides, in the present embodiment the horizontal reso 
lution and vertical resolution of the video signal can be 
conserved completely. The coded word "--1', '-1' 
or "0" is generated by the particular coding in the pres 
ent embodiment but it may be generated in other vari 
ous ways, for example, by using values of other pixels 
than the two pixels adjacent to the thinned-out pixel. 
The present embodiment takes advantage of the field 

correlation but selection of the vertical direction in 
which the interpolation error is increased can be inhib 
ited adaptively for moving pictures. 
A filter of higher degree may be applied to the inter 

polation filter of the invention. 
Referring to FIG. 7, there is illustrated a sub-Nyquist 

sampling encoder according to a third embodiment of 
the invention. As diagrammatically shown in schematic 
block form in FIG. 7, the encoder comprises a filter 40 
for cutting off skewed frequency components of a video 
signal, a thin-out circuit 41, horizontal and vertical 
interpolation filters 42 and 43, a subtractor 44 for calcu 
lating the difference (interpolation error) between a 
horizontal interpolation value produced from the inter 
polation filter 42 and a value of a thinned-out pixel 
(pixel to be interpolated), a subtractor 45 for calculating 
the difference between a vertical interpolation value 
produced from the interpolation filter 43 and the value 
of the thinned-out pixel, a selector 46 responsive to 
output signals of the subtractors 44 and 45 to produce a 
decision signal of two bits, a delay element 47 for one 
pixel delaying the least significant bit of a value of a 
non-thinned-out pixel, an exclusive-OR circuit 48 for 
exclusive-ORing the least significant bit of a value of a 
currently occurring non-thinned-out pixel and the least 
significant bit of the value of the non-thinned-out pixel 
which one pixel precedes the currently occurring non 
thinned-out pixel by being delayed by means of the 
delay element 47, a coding circuit 49 responsive to four 
bits in total including the decision signal of two bits 
produced from the selector 46, a sign bit signal of one 
bit produced from the subtractor 44 and the exclusive 
OR sum of one bit delivered out of the exclusive-OR 
circuit 48 to produce a coded word for interpolation 
means, and an adder 50 for adding the coded word for 
interpolation means obtained from the coding circuit 49 
to the value of the non-thinned-out pixel. . 
The encoder of this embodiment operates substan 

tially in the same manner as the encoders of the previ 
ous two embodiments, with the exception of the opera 
tion of the skewed frequency component cut-off filter 
40, selector 46 and coding circuit 49 which will be 
described below in greater detail. 

In the FIG. 7 encoder, an input video signal is first 
passed through the skewed frequency component cut 
off filter 40, with the view of eliminating an aliasing 
noise or distortion due to the thin-out operation. Exem 
plarily, this filter is constructed as shown in FIG. 8. 
More particularly, the filter 40 diagrammatically shown 
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in FIG. 8 comprises a vertical high-pass filter 51, a 
horizontal high-pass filter 52 and a subtractor 53 for 
subtracting a value of a pixel passed through the two 
filters of vertical high-pass filter 51 and horizontal high 
pass filter 52 from the original video signal. By subtract- 5 
ing the component passed through the horizontal and 
vertical high-pass filters from the original video signal 
in this manner, the filter for eliminating only the skewed 
frequency component can be constructed. FIG.9 shows 
an example of the high-pass filter which is applied to the 
FIG. 8 filter to provide a skewed frequency component 
cut-off filter having a characteristic as shown in FIG. 
10. 
To describe the selector 46 and coding circuit 49, it is 

assumed that an interpolation value produced from the 
horizontal interpolator 42 is Eh, an interpolation value 
produced from the vertical interpolator 43 is Evand the 
value of a thinned-out pixel X (see FIG. 2) is repre 
sented by ECX). Then, an interpolation error (horizontal 
error) obtained from the subtractor 44 and an interpola 
tion error (vertical error) obtained from the subtractor 
45 are expressed as follows: 
Horizontal error: ECX)-Eh 
Vertical error: ECX)-Ev. 
The selector 46 receives the above two signals to pro 
duce "00' when an absolute value of the horizontal 
error minus an absolute value of the vertical error is 
larger than 2, "01" when an absolute value of the verti 
cal error minus an absolute value of the horizontal error 
is larger than 2, and "10" or "11" in the other case. In 
this embodiment, the output signal of the selector 46 is 
of two bits. The least significant bit of the one pixel 
preceding, non-thinned-out pixel delivered out of the 
delay element 47 and the least significant bit of the 
currently occurring non-thinned-out pixel are exclu 
sive-ORed in the exclusive-OR circuit 48 and the exclu 
sive-OR sum is delivered out of the circuit 48. It should 
be understood that these two pixels occur on the oppo 
site sides of the thinned-out pixel for which the interpo 
lation value is to be extracted. The coding circuit 49 40 
receives four bits in total including the output signal of 
one bit from the exclusive-OR circuit 48, the output 
signal of two bits from the selector 46 and the sign bit 
signal of one bit indicative of positive or negative of the 
horizontal error produced from the subtractor 44 and 
produces a coded word of'--l', "-i" or “0” in accor 
dance with data enumerated in Table 2. The output 
signal (coded word for interpolation means) thus ob 
tained from the coding circuit 49 is added to the non 
thinned-out pixel by means of the adder 50 and transmit 
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ted therefrom. 

TABLE 2 
Output of Output of Output sign Output of 
selector exclusive-OR of sub- coding 

46 circuit 48 tractor 44 circuit 49 55 

0 0 O -- -- 1 
0 0 O - - 1 
00 . -- 0 
00 1 -- 0. 
01. O -- O 
0 0 - O 60 
0 1 -- --1 
01. 1. -- -1 

• X X X 0 

In Table 2, "X" represents arbitrary data. 65 
In this embodiment having the construction de 

scribed as above, the coded word is never superimposed 
when the difference between horizontal error and verti 

cal error is less than two levels, that is, when the output 
signals of the two interpolation filters are substantially 
equal to each other. Accordingly, in addition to the 
performance achieved by the first and second embodi 
ments, this embodiment can afford to ensure that at low 
band area where the change of level in the video signal 
is small and flat, the value of non-thinned-out pixels can 
be transmitted in the form of the original value without 
changing pixel data to thereby conserve the flatness of 
the video signal. The present embodiment is further 
advantageous in that thanks to the provision of the 
pre-filter, the skewed high video spatial frequency com 
ponent which invites interpolation errors even when 
the horizontal interpolation and vertical interpolation 
are effected adaptively can be attenuated and visual 
disturbance due to aliasing of the skewed high band 
component of the spatial frequency can be prevented. 
The pre-filter may obviously be constructed in other 
ways than described in connection with the present 
embodiment. Although the criterion for the decision by 
the selector is exemplarily set to be "2" in the present 
embodiment, it may take different values. The thinned 
out pixel may be interpolated in other ways than de 
scribed in this embodiment. The kind and the number of 
the interpolation means are not limitative but may be 
changed purposively. Further, the teachings of the 
present invention may be applicable to other informa 
tion than the video information, such as sound informa 
tion. 
We claim: 
1. A sub-Nyquist sampling encoder comprising: 
means for thinning out pixels from a sampled video 

data signal in accordance with a predetermined 
rule; 

a plurality of interpolation means for interpolating a 
pixel thinned out by said thin-out means by using 
non-thinned-out pixels adjacent to the thinned-out 
pixel; 

selection means for comparing a sampled value of 
said thinned-out pixel with a plurality of interpola 
tion values produce from said plurality of interpo 
lation means and selecting one of said plurality of 
interpolation means; 

coding means responsive to an output signal of said 
selection means to produce a coded word indicat 
ing which interpolation means is selected by said 
selection means; and 

superimposition means for superimposing said coded 
word on a non-thinned-out pixel. 

2. A sub-Nyquist sampling encoder according to 
claim 1 wherein said plurality of interpolation means 
comprise a horizontal low-pass filter and a vertical 
low-pass filter. 

3. A sub-Nyquist sampling encoder according to 
claim 1 wherein said superimposition means changes the 
value of the pixel to be superimposed in such a manner 
that the interpolation error is not increased by superim 
posing said coded word on said pixel. 

4. A sub-Nyquist sampling encoder according to 
claim i wherein said superimposition means does not 
effect the superimposition of said coded word when the 
value of the pixel to be interpolated falls within the filter 
pass band common to all of said interpolation means. 

5. A sub-Nyquist sampling encoder according to 
claim 4 wherein said superimposition means does not 
effect the superimposition of said coded word when the 
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difference between the plurality of interpolation values 
is less than a predetermined value. 

6. A sub-Nyquist sampling encoder according to 
claim 1 wherein said superimposition means superim 
poses said coded word on the least significant bit of a 
non-thinned-out pixel. 

7. A sub-Nyquist sampling encoder according to 
claim 6 wherein said superimposition means effects the 
superimposition in such a manner that said coded word 
is represented by information as to whether the least 
significant bits of values of two non-thinned-out pixels 
are equal to each other. 

8. A sub-Nyquist sampling encoder according to 
claim 1 wherein said superimposition means superim 
poses said coded word on a non-thinned-out pixel adja 
cent to the interpolated pixel. 

9. A sub-Nyquist sampling encoder according to 
claim 1 further comprising pre-filtering means for cut 
ting off the skewed frequency component of the video 
signal in advance of the extraction of interpolation val 
lsS. 

10. A sub-Nyquist sampling encoder according to 
claim 9 wherein said pre-filtering means comprises a 
skewed frequency component pass filter for producing 
an output signal representative of the product of hori 
zontal high-pass filtering and vertical high-pass filtering 
and a subtractor for subtracting said product signal 
from the original video signal so as to cut off said 
skewed frequency component. 

11. A sub-Nyquist sampling encoder as in claim 1, 
wherein said coding means comprises means for pro 
ducing a code word having no redundant information 
and indicating which interpolating means is selected by 
said selection means. 

12. A sub-Nyquist sampling encoder and decoder 
comprising: 
an encoder including means for thinning out pixels 
from an sampled video data signal in accordance 
with a predetermined rule, a plurality of first inter 
polation means for interpolating a pixel thinned out 
by said thin-out means by using non-thinned-out 
pixels adjacent to the thinned-out pixel, selection 
means for comparing a sampled value of said 
thinned-out pixel with a plurality of interpolation 
values produced form said plurality of first interpo 
lation means and selecting one of said plurality of 
first interpolation means, coding means responsive 
to an output signal of said selection means to prod 
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10 
uct a coded word indicating which first interpola 
tion means is selected by said selection means, and 
superimposition means for superimposing said 
coded word on a non-thinned-out pixel; and 

a decoder, responsive to information transmitted 
from said encoder, including a plurality of second 
interpolation means having the same respective 
characteristics as those of corresponding ones of 
said first interpolation means of said encoder, sepa 
ration means for separating said coded word from 
the non-thinned-out pixel, and insertion means for 
responding to said coded word to select one of said 
plurality of second interpolation means and insert 
ing an interpolation value obtained from the se 
lected second interpolation means into a position 
between non-thinned-out pixels. 

13. A sub-Nyquist sampling encoder and decoder 
according to claim 12 wherein said superimposition 
means does not effect the superimposition of said coded 
word when the value of the pixel to be interpolated falls 
within the filter pass band common to all of said first 
interpolation means. 

14. A sub-Nyquist sampling encoder and decoder 
according to claim 13 wherein said superimposition 
means does not effect the superimposition of said coded 
word when the difference between the plurality of in 
terpolation values is less than a predetermined value. 

15. A sub-Nyquist sampling encoder and decoder as 
in claim 11, wherein said superimposition means super 
imposes said coded word on the least significant bit of a 
non-thinned-out pixel in such a manner said coded word 
is represented by information as to whether the least 
significant bits of values of two non-thinned-out pixels 
are equal to each other. 

16. A sub-Nyquist sampling encoder and decoder 
according to claim 12 further comprising pre-filtering 
means for cutting off the skewed frequency component 
of the video signal in advance of the extraction of inter 
polation values. 

17. A sub-Nyquist sampling encoder and decoder 
according to claim 16 wherein said pre-filtering means 
comprises a skewed frequency component pass filter for 
producing an output signal representative of the prod 
uct of horizontal high-pass filtering and vertical high 
pass filtering and a subtractor for subtracting said prod 
uct signal from the original video signal so as to cut off 
said skewed frequency component. 

a k is 


